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Abstract 
The research aims to characterize the MSW leachate under the Gaza conditions (semi-arid climate), using 
column method to evaluate the temporal variations of the MSW leachate properties. Therefore three columns 
were used for extraction of MSW leachate. All the leachate samples were tested for several physical and 
chemical parameters, which are pH, E.C., TDS, NO3
-
, NH3, Cl
-
, Alkalinity, Hardness, Ca
++
, Mg
++
, K
+
, Na
++
, 
COD and BOD. The results demonstrated that the characterizations of the extracted leachate found to be in the 
highest ranges of contamination.  However, the concentration of the contaminants increased with time up to a 
certain time, and then the concentrations decreased. The study concluded that the extracted leachate 
characterized, as a very high contaminated leachate. The results that derived from the study suggested that all the 
effort should be made in order to prevent the arrival of MSW leachate to the groundwater.   
Keywords: Gaza Strip; MSW leachate; leachate characterization. 
  
1. Introduction 
The municipal solid wastes (MSW) are generated by the routine activities of everyday life, in addition to the 
unusual activities.  The principal sources of MSW are homes, businesses, and institutions(Irene & Lo, 1996; 
Paris & Chih, 1997; &  Zhao Jun, et al., 2013). The wide use of landfills poses the probability of groundwater 
contamination.  Landfills have been identified as one of the major threats to groundwater resources (Castrillón et 
al., 2010). When leachate percolates to the groundwater and mixes with it, it forms a plume that spreads as the 
groundwater flows.  The degree of contamination in the aquifers depends on the transport rate of contaminants 
and depository conditions at the site as the contaminants permeate through the soil media (Tubtimthai, 2003).   
The characterizations of landfill leachate were investigated by several studies in the literature.  The results 
showed high range of contaminants (AI-Muzaini et al., 1995; Al Sabahi et al., 2009; Alslaibi, 2009;  Al-Yaqout 
& Hamoda, 2003; & Banar et al., 2006). However, the leachate characteristics and the range of contaminants 
didn't show a definite trend with age, type of waste dumped, thickness of waste layers, and hydrology of landfill 
(Al-Yaqout & Hamoda, 2003;  Banar et al., 2006; Despina et al., 1999; & Nassar & Jaber 2007). While rains 
have a direct effect on the concentration of the contaminants in the MSW leachate, Banar et al., 2006 founded 
that, the concentration of pollutants in the leachate were higher during the dry seasons (summer season), this was 
due to the minimum amount of moisture percolates through the waste layers.  While in rainy seasons (winter 
season) the water percolates through the landfill beds dissolve constituents and extract more quantities of diluted 
leachate. This  revealed that the influence of climate has an effect on leachate generation and its 
characterizations. The seasonal variation of leachate generation pattern and the settlement of landfill indicated 
that, the highest degradation occurred during the rainy season, lowest degradation during the dry season; due to 
the lack of moisture (Shalini et al., 2012). 
 
2. Methodology 
Column method was used to simulate landfill conditions, in order to extract the MSW leachate.  The experiment 
was performed under local conditions of Gaza City. The experiment took  place at the roof of Al Azhar 
University, Gaza City, from the period of 20, June, 2011 to 19, August, 2011. Three columns made of PVC 
plastic 100 cm long, and 20 cm inner diameter were used to simulate the production of MSW leachate. A metal 
screen mesh at the bottom of each column was fixed; to withheld waste from dropping and allowing the leachate 
to flow out.  A funnel was manufactured and mounted at the end of each column.  A valve was installed at the 
end of each funnel to control both the leachate flow and collection. A gravel layer of 10 cm thickness was placed 
at metal mesh on the bottom of each column.  The gravel particle size was between 10 mm and 4.46 mm.  The 
aim of this gravel layer was to enable leachate drainage at the bottom of the column. 
Samples of MSW were created and introduced into each column.  The weight of each sample was 16.5 kg.  This 
weight was calculated  based on the density of Gaza Strip MSW, which is 300 kg/m3 in the container and 800 
kg/m3 in the landfill, the average is 550 kg/m3 (Municipality of Gaza unpublished data). Since the volume of 
each column is 0.03 m3. Then the mass that should be introduced to each column can be calculated from the 
following equation: 
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W = D x V            (1) 
where: 
W: is the weight of MSW, kg. 
D: is the density of MSW, kg/m3. 
V: is the volume, m3. 
Each 16.5 kg sample was consisted of 70% organic matter, 8% plastic, 8% paper, 6% glass, 3% metals, and 5% 
others (Mor et al., 2006).  
To prepare this MSW sample, 11.5 kg of organic matter (16.5 kg x 0.7), 1.32 kg plastic, 1.32 kg paper, 1 kg 
glass, 0.5 kg metal and 0.83 kg other materials, were used. All the categories were cut to small parts less than 2 
cm, mainly the organic matter and the paper; in order to make the degradation of the waste easier and faster. 
Glass bottles and metals cans were crashed. All the categories were very well mixed manually, and introduced 
into the column without compaction. The sample of each column was prepared separately, 12 hours before the 
introduction to the columns.  Then the waste was distributed uniformly in the columns.  A clearance of one week 
was left between each column and another; for better control and better management of the experiment.  
To simulate the annual precipitation, treated water was added on the top of the column.  The amount of water 
that had been added was calculated according to the following equation (Tchobanoglous & Kreith, 2002). 
L = P ( 1 – C ) - E            (2) 
where: 
L = Depth of the leachate water, mm. 
P = Precipitation, mm. 
C = Leachate coefficient. 
E = Evaporation, mm. 
The leachate coefficient (C) in this study was 0.1 depending on the average daily precipitation about (11 mm) 
and the relationship given by Paris (Nassar & Jaber, 2007).  
Depending on this, the amount of water to be added at the top of each column can be calculated as following: 
W = L x A            (3) 
where: 
W = water that will be added, L. 
L = Depth of the leachate water, mm. 
A =   Area of the column surface, m2. 
The preparation time of the leachate was 40 days for each column, in no raining season (summer).  The 
information of leachate in Gaza Strip is mainly takes place during the wet season.  The average rainy days in 
Gaza Strip is 40 days (based on unpublished data of Ministry of Agriculture 1985- 2010).  
Based on this, water was added to the MSW column within 40 days to form the leachate. By applying the figures 
on table 1 to equation 2. The amount of leachate water L1 = 398.1 (1- 0.10) – 341.7 = 16.95 mm in raining 
season.  
Table 1 The rainfall and evaporation at winter months 
Month 
*
Precipitation 
(mm) 
*
Evaporation 
(mm) 
December 132.4 79.5 
January 142.1 66 
February 86.9 92.4 
March 36.7 103.8 
Total 398.1 341.7 
Since the experiment was carried out during the summer time and evaporation is significant during this period, 
the amount of evaporation was added to the leachate water (L1).                                        
Once again by applying equation 2, with the figures in table 2,  the amount of leachate water evaporated during 
the summer season will be: 
L2 = 3 (1 – 0.1) – 301.2 = - 298.5 mm in summer season. 
(The negative sign indicates that this is evaporated water).  
 So the total head at water to be added to each column is: 
L = 16.95 – (- 298.5) = 315.5  mm 
The surface area of the column (A) was 0.03 m2.  
By applying equation 3: 
The amount of water (W) that will be added = 315.5 x 0.03 = 9.5 L  
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Table 2 The rainfall and evaporation at experiment months 
Month 
*
Precipitation 
(mm) 
*
Evaporation 
(mm) 
June 2 152.7 
July 1 148.5 
Total 3 301.2 
The 9.5 L of water were distributed for four equal patches during the experiment period (40 days).  Each patch of 
water was about (2.5 L)and added every 10 days.  The leachate in each column was retained in the columns until 
the end of the experiment.  The retention of the leachate in the column  was expected to enhance the degradation 
of the organic matter and to compensate some of the short period of the experiment. 
Samples from the leachate were taken for testing every 10 days.  50 ml samplers (centrifuge tubes) were used for 
the collection of the samples.  The samples were transferred immediately to the laboratory of Al Azhar 
University and to the public health laboratory in the ministry of health for  analysis.  The leachate was 
categorized for different physical and chemical parameters.  The parameters are: 
• pH, Electrical Conductivity (E.C.), and Total Dissolved Solids (TDS). 
• Nitrate (NO3
-
), Ammonia (NH3), Sulfate (SO4
--
), and Chloride (Cl
-
). 
• Calcium (Ca
++
), Magnesium (Mg
++
), Potassium (K
+
), and Sodium (Na
+
). 
• Total Alkalinity as calcium carbonate (CaCO3) and Total Hardness as (CaCO3). 
• Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD), and BOD/COD ratio. 
All the analyses were conducted according to the Standard Methods for the Examination of Water and 
Wastewater, 20th Edition (APHA). 
 
3. Results and Discussions 
The characteristics of the prepared MSW leachate under the conditions of Gaza Strip found to be in very high 
concentration, as demonstrated by table 3.   
It is apparent that the pH for the leachate decreased with time.  It was reported to be 7.09 after 10 days, and 
became 5.4 after 40 days as shown in table 3.  There is almost general consensus that during the initial stages of 
the landfill the pH values are quite low.  Such behavior was observed also by (Aik et al., 2010  & Castrillón et al., 
2010).  The degradation of carbohydrate in the leachate to form fatty acids is the main contribution in the pH 
reduction (AI-Muzaini et al., 1995).  
As expected, the TDS and E.C. were extremely high.  Moreover, the results demonstrated that TDS and E.C. 
increased at the first 30 days.  An obvious decreasing was detected in the last 10 days as shown in figure 1.  The 
relative high values of  TDS and E.C., can be attributed to the presence of high amount of inorganic materials 
(Al-Yaqout & Hamoda, 2003; Liu, 1999 & Tubtimthai, 2003). However, the decreased concentration of the TDS  
after the 40 days  reflected the effect of the dilution that could occurred by the continues addition of water ; this 
is in line with what stated by (Paris, 1996; Tchobanoglous & Kreith, 2002 & Tuffaha, 2006).  Admittedly, the 
fluctuating in TDS values prevailed that the concentration of the inorganic matter can't be controlled by obvious 
rules in this short period of the experiment. 
Table 3 Variations in leachate characteristics in relation to time 
 
Parameter 
Unit 10 
days 
20 
days 
30 
days 
40 
days 
pH - 7.09 6.51 6.49 5.4 
E.C s/cm 31.56 32.36 44.0 27.0 
TDS g/l 19.57 20.06 27.28 16.74 
NO3
-
 g/l 2.03 1.9 1.62 1.18 
NH3 g/l 0.11 0.33 0.44 0.55 
Cl
-
 g/l 2.34 2.34 2.06 2.86 
Alkalinity g/l as CaCO3 9.48 9.48 6.56 7.78 
Hardness g/l as CaCO3 12.38 13.8 11.67 14.58 
Ca
++
 g/l 3.72 3.7 3.35 2.68 
Mg
++
 g/l 0.75 1.1 0.8 1.92 
K
+
 g/l 1.92 2.04 2.0 1.76 
Na
+
 g/l 1.12 1.12 1.2 1.2 
COD g/l 45.2 59.07 66.96 49.0 
BOD g/l 22.5 41.0 43.25 17.5 
BOD/COD - 0.5 0.7 0.65 0.36 
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Figure 1 The variations in E.C. and TDS of extracted leachate as a function of time 
As it is apparent in table 3, the levels of concentration of BOD and COD were relatively high.  Generally, young 
age leachate will be high in BOD and COD, as a result of organic waste decomposition.  This was  similar to 
what demonstrated by (Al Sabahi et al., 2009; &  Al-Yaqout & Hamoda, 2003).  The concentration of BOD 
increased with  the passing of time  till the 30 days.  While during the last 10 days the concentration decreased 
drastically. A decline in BOD concentrations generally referred to the reduction in organic contaminants.  The 
COD concentration in the leachate shows a similar behavior to that of BOD as shown in figure 2. 
 
 
Figure 2 The variations in COD and BOD and BOD/COD of extracted leachate as a function of time 
As BOD decreased faster than COD in the last 10 days, then the ratio of BOD/COD was decreased, figure 2. 
However, the ratio varied from 0.7 to 0.36  as demonstrated by table 3, which was an indication that the organic 
matter was readily degradable (Banar et al., 2006 & Castrillón et al., 2010 ).    
The NH3 was relatively high 0.11 g/l at the first 10 days and it started to increase with time constantly till it 
reached 0.55 g/l at the 40 days.  In contrary to this, there was an obvious decreasing   in the NO3- concentration 
all the time. It  reached 1.18 g/l after 40 days as it was extremely high 2.03 g/l at the first  10 days, figure 3.  The 
reduction of NO3- can be attributed to anaerobic conditions which might be presented in the column (Shalini & 
Kurian, 2012). 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 The variations in NO3
-
 and NH3 of extracted leachate as a function of time. 
 
4. Conclusions 
Columns investigation experiments were performed in order to investigate the characterizations of MSW 
leachate. Three columns were used for the extraction of the MSW leachate. Each column was monitored for 40 
days. Results showed that the concentration of  MSW leachate  differs  from landfill to another, even with the 
same MSW compositions. The prepared MSW leachate concentration can be characterized as a very high 
contaminated leachate.  Time plays an important role in affecting the leachate concentration.  The concentration 
of the contaminants in extracted leachate, generally had increased with time up to a certain time; then it started to 
decrease.  The properties of the contaminants played an important role in the attenuation of the contaminants 
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themselves.  
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